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(57) Abstract 

TV subject {nvemlOQ pettalns to a novel mttliod and apparatus for improving Ihe efficacy of a medical treatment or diagxioctic 
procedure coovdldstins treatment or proccduro with at least one physiological cycle of a patient In a specific embodiment, the 
subject Iflvemjon penalns to a novel method oC coordliMtitig a chest X-ray with a patient's ventilatory cycle. In a specific example, this 
Invention concems a novel device for imeffocing a vootUator and an X-ray msclxiTtc to ensure dut an X-nv chest image can be taken at 
peak Insufflation of Ae patient The subject invention also tclatcs to other medlcid procedures Inchxdfng. t>ut not Ihnlied tOb cardiac output 
measurement chest imagjn^. Jnhalatjon dwrapy, oxygen delivery. Wood prcwure measurement esrtiacoipomi sliock wave lithotripsy, and 
pulae oxiTDcter optoplethysmograms. By coordinating certain n>cdica] treaimettts and diagnostic procedure$ widi a paCieat's physiological 
cycle(»X the «ub,^ invention improves the <|uaU^ of medtcal cm received Xsy tlie patieot 
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DBVICB FOR THE SYNCHRC»41ZATION WITH PHYSIOUX3ICAL CYCLES 



Iftf ttw IflYcatipn 

ThcafC 8XC uuay mcdicjj treatmotitt A&d di&gjiosfic pfoocdmcs the edOEusncy of which can be 
iiii|»t>ved by coonlinataig such treatment or procedure with & p«tient*5 physiological cycles for exanq>le 
a patient's breathing cycle. In many instances patientA can contro} tbetr bicathing to assist tiic medical 

to provider. However, some paticats are not able to cootfol their breathiiig, for example patients on 

ventilators. Odser pl^fsiotogical cycles; for ^cample the beatJog of a patient*s bean, are typically out of 
the patient's control entncly. According, an apparatus wludi could facilitaie die timii^g of such a 
medical treatment or a diagnostic procedure with respect to one or more i^iysiological cycles of a patient 
would be bcncHcial to the patient 

IS As an example, chest xadiographs are often taken in die intensive care unit ustn^ portable x-ray 

marhinrs These x-iay images piavide in^omnt mf Donation to dto cliiiiciaa and, therefore, the quality 
of the itnages is is^Mitsnt Factors which can afiect the quality of chest radiographs include: patient 
position and movement; ability of patient to Tccetvc and respond to instruction; penetraticHa of the x-ray 
beam; axid, perhaps most important, timing of die x-iay beam cqioBure with patient insttfUation. 

20 TypicaBy* die highest qiudity chest images are attained when the image is taken at peak 

insufllation because ihm is less tissue mass per unit area, and penetrstioii is unifbim. AcconUnglyp 
patieoii who are able to lecelve and respond to instnictioo can be instrocted to tate 
long Cflou^ to take the required images, fbr exan^lc zadiognqyhs. However, for patienta on a vcntikttor, 
in order to take die radiogtaph at peak insufiOation, the p^son taking the radiograph must attempt to 

25 acctiratBly tune tlie x-ray beam exposure with the cycle of die vcntilatDr. When the radiograph is not timed 

QQiDBctly, it may be less than optitnal and additional costs are incuned if it is necessary to idake the 
ladlogr?^ Furdicnnare if time is critical, the caregiver may be forced to provide care w|d» inadequate 
infbzmatimi. 

Current techtliques for syochromzing the x-ray beam expcunre with peak luog tnflatioa (FLQ 
30 Ittchide placing a ps^er cup an the chest of a supine patient and visually anticipating PLI. This results in 

variable ladiogiaph quahty and die fiequcnt need fbr rqpeat radiognq>hs, which increases radiation 
exposure to the patient pcisopurf and material costs, delays in uuliating txcatmenti and leduoed confidence 
in the ttia^in"tfiifc information oontamed in Ac tadiogyaplL 

Wilb respect to magnetic resonance imaging (MRI) images, a phnality of images often need to 
35 bctakenofa«|iacentshces of die patient When imaging parts of the body where die motion of die patient, 

for exanqile due to the patient's breathing, can affect the quality of die images, care needs to be taken such 
dus images of a<Saeem slices are taken widi as httleinatian of the body between im^^ Prior 
techniques for efiocting MRI images of a patient^a thorax and upper abdomen region have included 
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tespoatoiy gotinB (Shnanead (December 19^) ''Mftgnetic Resonaiice Imaging with RespixBtziiy Gating: 
Tedmiques and Advantages'* AJR:143). 

Accoxdiogly, ttiere exists a need in the art for a mediod and device which can ensure that chest 
innges of patiems on vendlatozs are taken at a desired degree or insufllatsdn to enhance the quality of such 
5 chestimagcs* These inwgea cao be effected by a varieQ^ Of^^ippazat^ 

machines, CATaean tnaeliiacs, andPBT scaq^jmadiines. In particiUar, a device whidi could inlerfikoe a 
ventiktor wiidi an x-iay machine to caosuxe chest xadiogiaphs are taken at pealc ventilation would improve 
the quality of aueh chest radiographs and, (heiefoi i e, intprove the quality of care for ventilated patients. 

Additional situations where the efHcacy of the naedical treatment or procedure can be afFected 
10 by tiniing flic trcattxient or procedure widi respect to a (tesitedpoin^ 

not limited to, inhalatioa therapy* oxygen (O^) delivery, cardiac output (pO) mcaiuremeno, blood pressure 
mea suieuim t S t and pulse oximeter opiopiedfflBtttogiams. Widi inhalation therapy and Oa delivery, tiroing 
tfie detiveiy of tiie qipropiiate substances with respect to tiie breattung cyde can afifect the dose 
administered* the amoimt of waste, pollution, and costs. With blood pleasure xneasureipents^ CO 
15 measurements, and pulse oximeter optoplelhysmograms, the timing of the measurements with respect to 

the breatiu^g cycle can affect, for example, the pceclaion of die readings. 

Acconlmgly, there exists a need m the art for a mettiod and device which can oooidinate a 
medical treatment or dlagnoatle procedure whh respect to one or morquihysiotoglcsa} cycles of a patient 
in order to enhance the efiicaey of theipxedical tteatmeni or dit^gnostic procedure. 

20 

Priftf ^TirrT^y inv^on 
The subject invention pertains to a method and apparatus lor coordinattng a medical treatment 
or diagnosdc bmih procedure wilfa'nsspect to one or mofe physiological cycles of a patient. The subject 
invention is applicaMa to Inunan or animal patients. In a qiecific embodiment, die subject invention 

25 peitains to a novel method of coordinating a chest radiograph with the ventilatory cycle. In another 

specific eaobodiment, the subject invention relates to a novel method of coordinating aifmedlcal treatmem 
or diagnostic procednre wi& the pumping of the patioat's heart, fbvsexan^le in order to remove artifacts 
produced by die pumping of the heart 

The methods and appaiahis of the subject invention are particularly advantageous for use in chest 

30 radlognq|)hy. In a specific example, die subject invention concerns a novel device for interfacing a 

ventilator and an x-ray machine to ensure that an x-iay chest image can be taken at a desired degree of 
ventilation of the patient, for exanjple, peak hmg tnflfltion, The interfacing of a ventilatDr and an x-ray 
machine^ according to die subject invention^ improves (he diest image quality and, therefore, improves 
ttie quality ofmedlcal care received by die patient In a specific embodiment, the taking of a radiograph 

35 can be accomplished by emulatiqg an x-^ray machme firing handle widi software, for eatample, on a 

not^xwk pezwmal computer. In a preferred embodiment, the subject invention utilizes a^standard &ing 
handle currently used wife x-ray machines, in order to niiniTni7r dagretrainiag reqoiied by operators. The 
use of the standard firing handle in accordance widx^ie subject invention can be made to mimic its current 
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use widi the cxcqptiop that imtetd of the operatof aticaiptiog to lime on event with the vcmtUatory cycle, 
software controls the tniiiog of such event. 

Further eznbodimcaits of the mibiect iovenjlian pertam to, for example, the delivexy of tnhalants, 
deliveiy of oxygo) (O2X blood pressure measuxements, cardiac ou^Mit (CX)) meastttcments, pulse oxitneter 
S optiipietfay5grBiiis» and further unagiQg techniques. With req>ect to the ddxvefy of tnhAionfaa and the 

delivety of O2, the method and i^aiatus of nibgect invcntioitt can hnproye the eQiciency of the 
deliveiy of die appruptiBtB si^istniGCv iiQpcove due aocutacy of adndnistering the corcect dose^ and reduce 
waste and costs. WUfa respect to bk>od picssure mcasnrexxienis, CO measurepieats and 
optoplcthysgrams* the method and apparanis of the subject invemion can in^rove the precision and 
to consistency of the measuremenB by thmng the measuretnents with respect to the breathing cycle of a 

patient 



Brief Deacriptkm of the Prawitiyg 
Figure I shows ablock diagram of an embodiment of an apparanis to inter&ce a ventilator and 
15 an x-ray maddne^prfierein a signal fiximte ventilator is util^^ 

Figure 2A shows a block diagram of an embodiment of an appatatus to inter&ce a ventiktca- and 
anx-iay machine wfaeidn a flowmefier positioned at the Y- inece is utilized, in accordance wifti the subject 
ittventiML 

Figure 2B shows a block diagram of an embodiment of an apparatus to interface a ventilator and 
20 an x-ray machine whereih a flowmeter positioned at die veniilBtof-ingpi m toty hose connection is utxltzed, 

in accordance with the subject inventiott. 

Figure 3 iUustratBs an idealized, not to scale, sdxmalic of die variatian of the central venous 
pressure as a flznclianof time due to the effect of respnation. 

Figure 4 shows schematically tn embodiment of a computers-ray madunc interface in 
25 acootdance with die subject invention. 

Figure Sshows abk>ckdiagramof an endxxliiiKnt of a system which synchronizes x-ray beam 
widi peak hmg inflation^ in accordance widi the subject tnventtoo. 

Figure $ mustrates on embodiment of a ocM«)|iutBr screen di^lay in aceocdance widi die subject 
incventiain. 

30 Figure 7 is a block diagram ofancmbodiittem of the subject inventian which UtiUzesfl^ 

pressure measurements to monitor hmg inflation. 

Ffgure 8 shows a gr^ih of flow versus time during positive pressme ventilatiott for a constant 
flow inspiratory wavefoim where flow toward patient is doiotBd with a phis sign and flow away from 
patient is dmoted widi a mhius sign. 
35 F^nra 9A iUustrales a patient's airway prcBsiim versus time during inspiration (I) and OT^Mration 

(B), during positive pressure ventilaliQXL 

Figure 9B iUustrates apatient*8 airwy pressure versus time dutiQg inspiration (I) and cxpization 
(E}» during spontaneous vcntilaticm. 
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Fignrfe IB ittuflltate^ a patient's mrwy pgtttenna vmm titne far gnwtmlW T«iM*h»iTiicnl iwiiHIatjfM^ 
(CMV) md ilie ctmc ap fttiding ic^uratovy cyde tiipe (Rd). 

Figure 11 illustrates liow « specific eaAsodmM of an x-ray machine thggenng system 
ipteicomiocts wi^ the patieiitp the x-ray macbiiie openiKHr, the vciitilatDr» and tbe x-ray maclime. 
5 Ftgurc 12 is a pseudo-code flowcfaajt for a specific ernbodtroeot of the subject invention. 

Flgiiire 13 ilhzsQalies the rektionslifp between the firing handle buttons and the cantacts of the 
modular jack connectioD wtdx tbe interfece electronica. 

Figure 14 shows a circuit wfakh is a part of the mteiface electronics for receiving is^ta firom 
the jGxing handle via a modular jade, in accordance with a specific embodtment of tbc subject invention. 
10 figure 15 shows a specific circuit of the inter&ceelectr^^ 

the PC to 4ie x*iay machine; in accMtiance widi a specific embodiment of die subject application. 

Figure 16 ilhistmtes the pin to eontacc<dosing relationsh^ betweem the PC and the x-ray 
niachine, in acmdanoe wifh a specific eQtbodiincnt of the subject invcaliaa. 

Figure 17 is a dfcuh sehematic for the elecnonic intci&cc of a specific embodiment of the 
15 subject inventicn. 



Dttaflffd PmcIobbw of to Invmiipn — 
Ihc mAdect invention pertains to a method and apparatus for coordinating a medical treatment 
20 or a diagnostic procedm«» with respect to one or more physiological cycles of a patient The subjea 

inveiition is applicatble to human or animal patietsts. In |>articular» patients on a ventilator can benefit fom 
die subject inventton. 

In a specific embodiment, die subject invention pertains to a novel method for thning a chest 
image with tibe ventilatory ^de. The Subject mediod and cq>paratus can ensure images of the chest are 

25 taken at a desired degree of insufflation of die patient and, dierefore, tn^tfove the quality of such chest 

images. Funhennore. tbe subject invention can enable chest images to be taken when die hings are 
essentially motionlesSp for example at a zero-flow crossing, resulting in higher quality images. In a 
specific e mb odim eni^ tida invention concerns a novel device for mtex&ciDg a ventilator and an x^zay 
riiachine, to ensure diat an xHray chest itnage can be tdeen at peak Inng ii^ 

30 enhance die quahty of such an x-ray diest image. 

The subject tnvetidon also peitaixis to interactirigwi^ such as PET scan 

gi y^iiwwM^, nAT legftn tnachingft, and MRI mHPhinf^ Each of dicsc apparatus have unique attributes and» 
accoidingiyi the subject invendoo can be adapted to jnterfhce with each one. For exaxnple, MRI machines 
typically take aphnalityof images over a long period of timCp wherein a multitude of fhin ^'slicses'* of the 

35 patient are imaged over this period (tf time. Eadi'^sUce*' is hnaged during a fiacticmofdiefareatfaing cycle, 

such diat the subject device can be utilized to image each consecutive "slice** at the same point in die cycte, 
or during the same part of die cycle, in consecutive cycles of the patient's breathing. This can result in 
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higher quality nnages because tbc hody will be in nearly die same posidon for each fanage* as opposed to 
images taken at all dififerent points in tlic biealliing cydo. 

Refening to Figure 1» a block diagram of an apparatus for intcxfacing a ventilator and an.x-ray 
machine is shown in accordance with the subject Invention. Ventitator 1 can retrieve and send data to 
S inted^celon. toexample^aseiialccmimdnicationUnkS. A first eiid 17 of serial conununication link 

3 csn ecmneet xo the veniilatDr, fbr acamplG to the serial poit (RS-232} of the ventilator, and a second end 
18 of serial emrnnuniftation link 3 can connect to the jntrrfgice 2. fbr example to a senal port driver 4. 
Serial port driver 4 can be linked to micxooontioller 5. Microcontroller 5 can have an ou^t 6 to. Ibr 
example, an xrtBy machine 7. In a spedbRc embodiment* ou^t 6 can be connected to a switdh ft, where 

10 upon receiving an ■ppropriate signal awitch 8 closes^ effecting the taking of a radiogrq^h. 

In Odder to nunimise ihc risk of injury to the patient* die subject invention can provide a means 
for Isolating ventilator 1 and interface 2 fmn the electrtcal cinenitry afitMy mftcTiinft 7. This isolation 
means can inchide, for example, RF circuitiy, IR detecton* LED*s» huers» photodetectots* or other 
appropriate devices which can send and receive a signal without a dixcct wire cozmection. In a picrbn e d 

1 S embodiment, output 6 can be connected to first LED 9* where upcm fiist JJED 9 receiving an appropriate 

signal from intertace 2» first LED 9 can send a light signal to second LED 10 which can then send an 
a ppropria te sigoal 11 tD» Ibr example^ portable x-my machine 7. First LED 9 and second USD 10 used in 
diis way act to isolate ventilator 1 and inteiftce 2 fiom the electrical circuitry of x-ray machine 7. This 
IsolatioD, referred to as opto-isolatioxi, isolates die patient from die eleotrical circuitry of x-ray machine 

20 7 and, therefore, improves patiem safety. la a specific embodiment, the output signal 11 fi:om second LED 

10 can be sent to switch 8 which dicn switches x-ray machine 7 on and off, for cxan^ 12. In 

addition^ cable 12 can, for example, be connected to a toggle switch on an x-^y machine which can be 
operated by the x^y technkiian 

The subject invention allows microcontroller 5, having access to the status of ventilator 1. to 

25 e0ect the taking of a chest image by sending an ^spropriate cuiffixt signal 6 to, for example, an x-ray 

machine. In a prefened embodiment, mxciDcontroller 5 can he connected to a ventUator model selector 
switch 13, for exan^le a mamial switch on die intecfiwe^ which can have settings corresponding to existing 
ventilator models. These ventilator inodeto can inchide. fbr exarr^le, Siemens 900C,^ 
lOOO^andSTp. By settiiv switch 13 to a pazticidarmodd, die coireet aerial oonnnunicationprotM 

30 be utilized by microcontroller 5 to monitOT signals firom ventilator 1 corresponding to the status of 

ventilator X such tiiat microconlroller 5 can cfifect the taking of a radiograph at a desired degree of 
vendlatton of the patient» fbr example at peak Im^ inflatron. 

For patients who are able to receive a sigjh breath, in order to realize peak long inflatvwi, it is 
pfefeired to take a dsest radiograph during a sigh hrealfa. A ri£^ breath has aippnixlmatelydireeiinies the 

35 tidal volume as a normal breath and. therefore, taking a chest radiograph during a sigh fareadx topioves 

die quality of the resuhiog chest radiogn^. However^ some patients are unaUe to receive a sigh breath 
because of medical reasons. In a preferred embodiment; interiace 2 can have a si^ switch 14 wfai^ 
set to righ 15^ enables microooatroUer 5 to signal vendlator 1 to administer to the patient a s|gb breath and. 
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sabaequcntty, effect the takiiig of a xadiogiaph durinB Ae rij^ IneadL When sigh swiich 14 is set to 
nonual 16^ the patient is not given a sigh breath and an a radiograph can be taken at a desired degree of 
ventibtian. for example at peak hmg inHatjon for a regular tidal vohune breath. 

In an additionat embodiment, interl&oe 2 can have a switch which indicates die degree of 

5 insufflation ofihepatiem at ixiiidi a chest image is to be taken, lids switch can allow a chest image to 

be t a ki P" at, fox eacample, minimiim insufiOatian of the patient Accordiiigly* die subject invention can 
ft fff lt T™*^ chert imagg at nrininial insufflalkm and a dmt imaiM at niaximum insufflatHHL 
This switch can have settings of, for exan^le, minimum, 25% maximum, 50% maximmn, maximum 
insufnatkm. To coatdinatt with sigh switch 14, the switch which indicates the degree of insufilation can 

10 also have a sij^ setting for use when a sigh breath is desired. 

In a flirther embodiment, intei&v % can hove a aetttng» for example on the vemilator model 
selector switch 13* for patients who are spontaneously breathing and, therefore* are not on a ventilator. 
Alternatively^ inteifoce 2 can have an override switch for patients who are not on a ventilator. For a 
patient who is q^ontaneously bicathing^ interl&ce 2 can tcccivc a signal from a means for detcnniniAg the 

15 degree of insa£flation of a patient. Thoeby, inter^ice 2 can effect the taking of a chest image at peak 

insufllation, even for a patient who is spontaneously breathiAg and, therefore, not on a ventilator. In a 
specific embodiment* paiticularly useful in situations where a patient is unconacious and ^ntaneously 
bteatfaing, an algorithm is utiliaed which automatically distinguishes between patients who are 
qpOQtaneousiy t>reaihing and patients who are breathing nndcr positive pressure- The algorithm can, for 

20 cxan^, monitor pressure in the aiiway. Referring to Figoies 9A and 9B» die airway pressure proiiles are 

diffetem for positive pwssure breafliing (Figure 9A) and spnnfancoiMi bseaihing (Figure 9B), For example, 
m spontaneously tareathing patient (Figaro 9B) can have a positive flow of air when the airway pressure 
is bekyw die patiem*s baseUne pressure^ while a positive pucssare ventilated patient (Figure 9A) can have 
a positive flow when the patient's airway pressure is above die padent*8 baseline pressure. The peak hmg 

25 infiflrif^ detection algciithm can be different for positive pxessnre ventilation and spontaneous venlilstion. 

Accoxdingly, being able to autncnatically detemune ^vhether a pactent is under positive pressure ventilation 
or is ^posstanoonsly breathing allows automatic selection of die appropriate algorithm for detecting peak 
itMfc£ inHatkm* 

JflCf^ aiy ™'1**p tt^ tfff^hmf| ffTy ^ «iKj«<^ ^tntit^b can fititm to detefminB a particiilar point in the 

30 bieathing cycle of a padent, for ewnple peak hmg inflation. Jf» for example^ an clcctnmic ventilator is 

able to generate an electrical signal each time a ventilated breath has been administered^ then peak lung 
infktion can be asccilained by monitoring dds electrical signal via. for example, a communications port. 
Thia techniqne requires a signal from a ventilatDr vdiere the comntttnieations protocol is known to the 
Butject device. Wtdwmt a standardized communication protocol for ventilatnn, the makc« model and 

35 version of the ventilator needs to be known to assure proper communication since the serial 

communication protocol can be dififczent for each ventilatDr. Accordingly, a technique which is 
compatible with all types of vcntUators, electronic or pneumatic, would be preferred and more readily 
accepted by clinicians. 
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Moay ventilfliixn coxreniJly hi use m pneimxmk and do not have micfoiMceaacsr or electrieal 
power supplies to enable the genention of mi electrical signal cotresponding to &e point in a patieot*s 
ventilatory cycle. In a pf c fexre d embodiment, the x-ray machine synchronization device utilizes a 
flow/pressure sensor probe (Flo'nak, Novaroetrix) positioiiBd between the brea&ing circuit and airway 
5 device to infer peak Luotginflatioii. Tlte use of a flow/pressuie sensor probe aUows the sutject device to 

fuDcdon witfi essentially any ventilator^ ibr example electronic or pneumatic. Hie device does not have 
to be q>eoificaUy designed for the parttctthnr ventilator because the 

postdofied at the airway and monitor the flow of gas to and fiom flic paticm as well as the airway pressure. 
f7(irther embodiments of the subject invention can enable the capture or identification of any given 

10 point in flie breafiiing cycle* for exaznpic a desired phase of a breafli* using an apparatus such as a 

ventilator, a flowmeter positioned either at dse Y-piece, at die venlilatDr expiratoty hose connection, or at 
die ventilaftar-iDspiiatory hose connection, a jxessure gauge in the airway, oi any monitor or instrument 
that allows positive identification of a point in the faiealfaing cycle. In another embodiment^ a CO^ monitor 
can momtor the amount of CO} being exhaled by a patient, where low CO, levels are present when the 

15 patient is breathing xn» higher COj levels are present when a patient is breathing out, and a spike in COj 

level can occur when the patient starts to bieathe out Further embodixneots can utilize a transthorscic belt 
tied around a patient's chest whicA can act as a strain gauge xeaetiitt to the expansi^ 
such as to mdnccli^ give the volume of gases in Ae hmgs. or a tratudmacic tai^edaneeplettiysmograph 
can monitor the electrical in^dance across two electrodes placed on eidicr side of the chest where the 

20 in^edance changes with the esipansion of die patient's chest such as to indirectly give the volume of gases 

in die tunigs. Accordmgly, events can be triggered to occur at any desired poim in the teeathing cycle. 
The Instrument or monitor for identi^^g a point in the breathing cycle can be, to exan^ile, a Ptopaq 
portable monitor, a Hewlett Packard Media, or a Datex AS/3. 

Refertiog to Figure 2A, in a qaecific enibodinieat of the subject inventian, instead of an electronic 

23 signal fiuro a ventilatDr being utiHzed to detect the degree of a patient's insufSation, a flowmeter 20, fbr 

ewi]pte placed at a patient's Y^^nece 21, can be used to detect die degree of faisufilatioiL In alternative 
embodunents, flowmeter 20 can be placed at eidier the inspiratoiy port/hose connecdon 23 or the 
expimioiy poit/bose conneod<m 24. Advantageously, the use of Uowmetex 20 aUowa die degree of 
insnlSation m be d e tn m i ned even when using an entirety pneumatic ventilator. Accordingly, the use of 

30 flowmeter 20 allows an x-ray madune 7 to be triggered from any ventilatDr, electronic or pnetimatic. A 

specific flowmeter which can be utilized acceding to the subject invention is a Novametrix FioTrak 
flowmeter. In a specific embodiiiiezit, die flownietcr probe can be left in die cireuit, between 
drcuii Y-poeoe21 and die endotmcheal tuibe 22, atTdlthnes^ dm eUminatiiig die necessity of inserting aiid 
removing the flowmeter each time an x-iay is taken. 

35 In a prefetred embodiment, flowmeter 20 can be placed inside ventilator 1, reducing the risk of 

damage ot user misuse. However^ referring to Figure 2B, if flowtncter 20 is moved to eidicr die 
inspirstnry pott/hose coonectton 23, the expiratory post/hose cormection 24, or die inside of ventilator 1, 
the zero flow oossingmay not be as clearly defined as when flowmeter 20 is placed at Y-piece 21 because 
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flow can be uiuditectioiial raOier <hm bidvreelloittL In fhifl case, die algorito can be dianged to a 
predictive one, where the cycle tbne of each breath is estimated^ for exaniple, by ncasiizing the time 
between two peak inflations. Aocoidingly* the next peak inflation is predicted based on iba cycle tim^ 
The e0icacy of thi3 method is optimum when the cycle time is regular, which is often the case for 
5 mechanical vemilaiiotL 

In a specific embodinieDt of the subject invention^ in onier to enhance the quality of images of 
a patient's tfaoraoc and upper abdominal region, fiir exazvple MRl images, continuouB flow apneic 
ventilation (CFAV) can be utilisaed. With CFAV» a comxDUOUS positive pressure flow of gases, for 
example ok, is adminifltered into a patif^^s airway snch that a sufiicient amount of air is contmuousl^ 

10 supplied to tlie patient The air can be administeied Enough a tube such that once the air enters the hings, 

it is pushed out of the airway by the new air entering the airway. Advantageously, the hmgs do not need 
to move with CFAV such duit a patient's ho^gs and» Oerefoce, thorax do not move appreciably. 
Aoooidizigly» images* for eicample MRI images, can be effected while tlie thorax region is essentially 
motionless, resulting in high quality images in a significantly ahoitened time. 

15 In anolber specific embodiment of the subject invention, CFAV can be utilized in conjunction 

with cxtracorporel shock wave lithotrq>sy (£SWL)» yi/hm ESWL pertains to the pulverizing of kidney 
stones widi shock waves widiout surgical incision. Currently, the patient is moved tmtil the kidney stone 
is at flie focus of the shock waves, refenred to as taxgeting, and then tfie shock waves are-administcred. 
During ESWL, movement of the fcidtiey stones doe mQie patients breathing can make targeting the shock 

20 waves more di£5cult. In paiticiilar, when the patient's hmgs expand and contract the Iddney stone can 

often move up and down* creating a moving target Accordingly* by nliKzing CFAV during ESWL the 
patient's hmg are essentially motionless and, therefore, the kidney atone is more statxonaiy and easier to 
tvget Hie use of CFAV can significantly teduce die time required to pcrfonn ESWL and also minimxTe 
collateral damage to heahhy soixounding tissue. 

25 In an additionnl embodiment of die subject invention, high frequency ventilation can be utilized 

in conjmiction witii ESWL. High fi%qucncy ventUatiou can provide the patient with sufficient oxygen 
white minimizing the motio n of the patient's diorax region because die range of motion of the lungs 
during ventilatKon is reduced. 

In an additional embodiment of the sobjeet invention, a cardiae output curve can be shot off a 

30 precise trigger fiom a ventilator breath, A cardiac output carve indicates the ainount of blood the heart 

is pumping per minute. One method for producing a cardiac output cnrve is by cardiac themoo-dilution 
wherein one injects a cold fluid into an axteiy, lor example at poim A, near the 0^ 
monitaizs the tcnqienture of the fluid passhig through the aiterial system, for exan^le at point B» furtiier 
awsy tan the heart than point A where the cold fluid was izgccted. A toiqientnre versus time cmve taken 

35 at pomt Bean provide infonnaiicmwhfch can indicate die cardiac oin^ By triggering die 

cardiac ouqput curve wids the breathing cycle of the patient, the precision of the cardiac ou^t 
measurement can be enhanced. The subject invention can tie ntzhzed to perform cardiac output curves for 
patients on a ventUator and for padoois not on a ventilator. 
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The subject Invei^ioii also rektts to die zCToval of ttctifiwis produced by the pmnping of tiie 
heart For exan^le, a devke in acoocdBnoe with the subject invention can monitor a patient's HKG and 
take a measuzement at ^ same point in the heart's pumping cycle such as to minimize any artifact from 
tbe beating of tiichodrt Jf» a pzefemd embodiment, the measuzement can be taken at the QRS complex 

5 ofthe EKO each time. ^ 

Additional cmbodiinentB of the snbject inveniioa can be utilized to trig^ an even^ for example, 
inhalation ttienpy, at some desiied point Ui the breaOnng cycle, fat exan^le, peak inflation, pausc» 
expiration, etc. In a specitic embodiment, the inhalation tticrapy can relate to aerosols, far example 
afimtexol. Similarly, to systiscn can ako be used in O^conservera. For example. Ox can be delivered only 

10 &m^z which can eonflerve became is not delivered during exhalation. The delivery of 

acfofiol inh ft^f ! *^ into (he putanonary tree can be inq»oved by timing the delivery with respect to a 
ventilatDr fatea^ because the fkm passages are fully opened at peak inflation and the aerosol molecules 
can therefore reach further into the pubnonaiy tree. Accordingly, it might be preferred to start the aerosol 
delivery at the beginning of inhalation radier dum the end of inhalation. Alternatively^ it might be prefened 

15 to have the ddiveiy of the aerosol occur during die entire inhalation period, i.e.« the flow of gas fiom the 

ventilator acts as an additiooal propellant to the aerosol helping the aerosol molecules reach deqicr wittiin 
the hmgs. It might be piefienod to start the delivery of the aerosol midway or partway in die process of 
inhalation. Conversely, one can stop aerosol therapy, espedatly for expensive a 
as flow of gases away from d» patienf 8 Imigs wiQ tend 10 drive the aerosol rira 

20 Inngs, thus preventing waste of expensive aerosoL In any of these cases, triggering the aerosol dehvery 

to specific parts of die breathing cycle can be beneficial. 

The subject invention can also bo utilized to remove lespiiatDry arti£icts from signals afibcted 
by the reqiimtoiy cycle. For example, it is weU known that lespiiation introduces artifiwts in the 
measurement of blood prcsauEe, ^ example^ die central venous pressure or arterial pressure, or the pulse 

25 oximeter optoplethysmograms. Figure 3 illustrates roughly the variation in the central venous pressuiB 

as a function of lime due to the efiea of respiration. Ihe shorter time period signal rquesents the central 
venous pressure* while the longer time period signal represents the effect of respiration. Referring to 
Figure 3, poizils A, B. and C are breath synchronized CVF measurement poto 

auaceptible 10 variation dne to a respiratory effect Points^ D» and F are nonsynchranizccl, random 

30 aazrqiles, suffering from resphatoiy aitifBCt 

Ventiktors are often tunied off during certain measuremems in order to ej^^ 
artifact Aiter being turned off during the measurement, a car^iver can forget to turn the ventilator back 
on» sometimes with dire consequences. The subject invention can allow the measurement to be taken 
widumt turning die ventilator ofi^ thus allowing for continuous ventilation, and improving patient safety. 

35 By timing a measurement to be taken at iht same pomt of each breath, die respiratory artifact can be 

eliminated at^^t measurements can be more consistent For example^ die effect of respiration on central 
venous pressure (CVP) or pulmorwty artery pressure (PAP) is very pronounced. By timing flie 
measurement to occur at any given point in thebceathfaig cycle* for example the stut of inhalation, the 
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jrespirmtofy utifyct can bo reduced. Advautageouflly, m accordance wiih tiie subject inveatkMi^ a CVP 
measuiement can always be taken at the same fximt in the Iscadi cycle. Tberefore, the CVP trace or 
t is steadier. 



The subject invention also p^tains to the ooordinatioD of a medical txcatmeDl at diagnostic 
5 procedure widi respect to a plurality of physlojogjcal cycles of a patient, for example the faffeatfaiug cycle 

andfhecoxdiaci^e. InA8pecificendxMlimeat;aCVPorPAPiiieaauEeQien^ 

g j'wfiyigg ftf tfia patiiiwt'a EKO fintlflwing each of a plurality of pcsk tuna inflation detcciiopa. Since 
the cardiac xate ifi usually niuch higher than the breathing rate and the effect of the cardiac cycle vofne 
pronounced dxen the elSect of bieatbing cycle on a CVP or PAP measurexnent, taking the CVP or PAP 
10 i ^ wi g^ /m thg firrt QRS camplex juat after peak inflatinn can improve Ae precision of the measurement 

by esseoUially elhnlnailng the effect of the cardiac cycle and greatly iBduciog die effect of the breathing 
cyde. 

The subject x-gay naadbine synchronization device can be a oombinatinn, of haidware and software 
designed to be placed between a patient and an x*ray machine. The device can work whether the patient 

15 is breathing spontaneously, under CMV (Controlled Mechanical Ventilation)^ or onder any ofiier mode 

of assisted ventilation such as CPM (Continuous Positive Aimray Pressure) and PSV (Pressure Siqiport 
Ventilation), lbs aubjcct device can use pressure and/or flow data from a probe, placed at the 
eodooacbeal tube, ftce mask^ or oQuar airway device* to decemdne when apatienf s hmgs are fidly inflated 
and can subsequently Acnd a ppr o p i ia te signals to the x-xay machine to take a radiogrc^h of the patient 

20 Since diis oatire process of syncbroaizatBonandx-iay roachioe trigEcring is controlled by Ac device itsctt 

the x-ray machine operator can initiate tin process, for exanq»le» duough an x-ray fixing handle Ot a 
graphical interface implemenlBd <m a PC. Furtfaename» the derioe can be placed in a shielded locaticm 
flfom which an operator can safely imi^ die x-iay machine synchronization process. 

Current portable x«ray machinea, for exanqile the Oenend Blecnic oxode! GEAMX4, utilize a 

25 filing handle to ftcilitatefta taking of a radiograplju On a typical firing handle, a first switch can turn on 

a collimator light used for aiming Che x-ray machine. A second switch^ for example a button refezred to 
as '^toT-up," can •*ann'* the x-ray rroicfainc and charge the Gi«»acitnxa that power the x-ray machine. 
Finally* a Ahd writeh, fig exanyle a hutiam referred to aa "fire," can diadiarge die capacilcirs producing 
thex-n^beam. Theieisusuatty a deUy» typically 2.5 seconds^ between pressing diio"rolo^ 

30 and die ^"flre" bixtton because h cui take sonoe time ibr the capacitors to charge. 

In a ^;>ecific embodinKilt of the subject invention, the firing of an x-ray machine is acoonkplished 
with a *'firc" button on a user inter&ce, for example implemented graphically on a notebook personal 
coirqyuter(PC) as shown in Figure 6« For eaample, when an operator clicks on die •*roior-up'* button with 
the mouse, the totor-up** switch equivalent; for example a tranaistort can be closed. In a spedfic 

35 embodiment, one or more elcctio-mcchanical relays can be utilized as the *Yotor-up," "fire,** end/or 

*^Uimator^ Switch equivalent There can be a fixed delay (e.g.^ 3 seconds) between die 
translsmi/relay/switdi xeptesenting die "xottr-up** switch closing and die ''fire** switch becomitig enabled 
such *>ift» die algoriihm looking for peak lung inflation, where the x-ny machine is Gred upon peak 
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aifla[tioiii,beooiDe9Bciive. Tliis delay ezisurea that the capiiGiton aie lully cliaxg^ 
x-ny source when die alsoiitiim detects peak UKflatioo. Widiout tte dejay, peak hmg inflatioii muight 
occur, for exami^le, 1/100 of a aecond after "ri^r-up** causing the **fire** button to close wi^ut a 
radiogfaph beittfi taken beeauae of insufficieiit charging of tiie ca][>acitor3. The cord litiVinp the firing 
5 handle to flic x-iay itiachme can be, far example^ a regular phone cord used to link a phcMie set to a hand 

set lln cord should be at least to Mlooganl can be coiled like a telq>lio« 

Xna specafie embodiment of the subject invemioo, the fimctiimality of d)e x-iay fin^ handle can 
be eowlatBd by software. Figure 4 show$ schematically an cznbodjjQfiem of a ooixqyuteT/x-zay machine 
internee in accordance with the stibject invention. RefMx)^ to Figuzt; 4» the three switches ixii the firlixg 

10 handle, collimator, rotor vp^ and fire, can each be connected to^ for example, a bit on a parallel port. By 

moniiori]^ tbeaiattts of each switch in real titne« the inputs fiom a user can be io^lemented, transparent 
to flie user. The status of eadibh will change from high to low, or vice vexsa, dq^ending on the logic, as 
each switch is opened or closed^ oo the firing handle. The so flwaie can also have a monitoring secticm on 
its graphical user interface to determine which butbMis on the firing handle have been pressed by the user, 

15 Figure Sdiows a block dia^am of a specific eoTbodimem of a system to synchronize x-ra^ 

exposure with peak lung inflation. Refening to Figure 5» when tlie user presses the collimator switch, die 
soAwsne can sense the action in real time and instantaneously turn on a translstor/tel^y/switch which turns 
on the coUimator light When the user presses the rotor up switch, the button on the PC di^ay can 
indicate that the user has pressed the rotor up switch and the switch controlling the rotor-up function can 

20 close instantaneously to start d%c charging of the capacitors. A three second timer can start counting down. 

The actual delay will dqMmd on how long the capacitors supplying die x-iay tube take to charge up, in diis 
case 2.S seconds. If a peak hmg inflatioaoccunt daring die delay period and die user has pic^ 
batmn^ wnfting will happen until die next full hmg inflation afterfbe 3 second delay has elapse± When 
the colUmator switch is pressed by die user, the button on the PC display representing the collimator 

25 switch, can reverse sides or change color to indicate that the collimator switch has t>ecn triggered. A 

window on the PC display, as shown in Figure 6, that shows the elapsed time in the time delay may also 
be useful as it would enalile dteuserto know diat die delay has not fnUy elapsed and thexcforc the system 
will not fins. 

When the user jkosscs the "fire*" switch, die software can check to see if the dme delay has 

30 eh^sed. Accaidtngly, if the time delay has not elapsed, die 'fire'' transistoi/rclay is not closed even if a 

peak hmg inHarion is detected. Upon the user pressing the "ftre" button, oti the handle, the button 
represendng "fire" on the PC display, for example, changes color, acknowledging that the request to fire 
the x-ray has been received and is being processed. If die time delay has elapaed, meaniiig that the 
capacitors arc charged, the transistor representing doe 'fire** button can be closed at die noEt peak hmg 

^5 mfladon. Ihe ability to press the ^^tor-np'* and ""fixe" buttons and have the subject device automatically 

fire after the capacitors are charged and at peak hmg infUiion can be referred to as **flre and forget.** In 
a preferred embodiment, the user only need push one buttoti, for example a "fire** button to initiate both 
die "rotor-up^ function and» after an automatic time delay, the '"fire" fimctum. A buzzer can sound to 
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mdicaCB that the x-ray beam has been fired and the color of tins '*firc*' button Can change to yet anodicr 
color to indicate the x-ray beam has been fixed. In a specific ffmhodnnent Pigutc 6 fllustratea one example 
of a screen design for a PC» sccoidiDg to ihc subject inventicm. 

In another specific enibodnieni; the snhject invention can utilisse a standard x-ray machine firing 
5 hazuUe such ^ a user who has prior experience with (he standard firing handle can benefit fiom diis pnoET 

eaqwriencewMifeqsect to file subject device. In addition* tihe use of such a standard firing handlfi can be 
leas eixpaDudve to hoopUifWSSt than a giapthical iomrihoe. bi a specific enibodnncBt utitizmg a firing handle* 
the j5ring handle can have a coUxmator button, a lotor-up button, and a fixe button, A predct cnu ined delay, 
for exanjple 3 seconds^ can be impletnented such that the firing handle win not fire die x-ray beam until 

10 after die pffedeteiniined delay has dapscd afinr pushing the rotor>up butcoo. Accordingty. after die 

pvedetennined dehiy has eU^psed die file button will effect die firing of die x-ray beam upon« lor example^ 
peak hmg inflation. The rotor-np and fin fimction can be combined into a single button such that once 
this iniiJti-fiuiction button is pushed, the firing handle will cause the x-ray machine to charge up its 
capacitors for firing, implement the prDdetemnned delay, and effect the firing of the x-ray beam upon the 

15 next peak hmg inflation of the patient foUowisg the predetenmned dehiy. 

Addidonal tetures can be added to die firing handle^ for exan^>le to provide feedback to a user. 
Multiple LBD's can be used to provide visual feedback and/c» a buzzer can be used to pxovidB audio 
feedback. Iagq)ecificembi9diinai^arcdI^lig|itsv^iend»coUimatorbutto^ 

lights when the rotor-up button is pushed, and a green LED lights afier the x-niy beam is fired. Fuifiicr 
20 exxdxMhniBnts can utilize* for exanq>le, a two color LED ^ch lights a first color to indicate the user has 

pressed the fire button and lights a second color to indicate die x^ay beam ^ In addition, a bu^zef 
can sound when the x-ray beam is fired to indicate it is safe for die user to enter die patient's room. An 
additional safS^ feainrc can be added to pievettt the x-ray beam fiom firing again for at least a 
pctdeteindneddclay^ for example one hour. TUsistopicventunintentfoiialfyovefdofiingthepodentwidi 
25 x-ray radiation. 

In a specific embodiment which utihaaes a flowmeter^ the fiowrate can be integrated over time to 
yield a vohune inspired 1^ du patient Hus allows an a^ttstment to die firing algorilfamwdieEe the subject 
device win not &c the x-iay madune until this vohime inspired fay tte 

value. This dueshold volume can be set, for exan^le, based on a patient's size, medical history, age, 
30 ventUaiion circumstance, and/or a variety of odissr lactois. This threshokl vohune can help prevent firing 

the x-ray maclune and getting a poor quality radiograph, for example, when a patient hicci^ or takes a 
small breath which may onjty be a tecdon of die normal size breadL A threshold inspired volume can also 
be indiTBGtly infened fiom the airway pressure daring positive pressure veatitation, for example by setting 
a threshold positive pressure above baseline whiefa oorresponds m a fineshold vohane inspired. 
35 In a specific embodiment, the subject device can incoiporate an abort feature, for exan^le a 

button on the x-ray firmg handle. This abort button can enable a user to abort the process leading to the 
firing of die x-ray machine^ for exanq>lc if the patient moves during the pracedmc. This abort feature can 
also be incorporated into an embodiment of die subject device which utilizes a graphical user interftce. 
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for example displayed on a mckditor of a PC. This abott feature can prevent the ta]d«ig of a zadiograph 
which a user believes will be of poor quality and con dieiefote save lefiouxoes^ tinie, and zednce a patient's 
exposure to x-iays. In a preferred embodiment, this abort fbanne can be izcplemented by requiring ^ 
user to keep tibo fire button contimsouaiy depjeaaed dnrir^ ^ 
S and the x-ray beam firing, in order to take a radiogcaph. If, however, the user releases ibe fire button 

before the firing of the x-iay beam, the x-ray beam esqposure wiD be abozled. Hiis embodiment of the 
abort featuro docs not lequire an additional button on the firing luuut^ 
users. 

10 Following aze examples ii«^h illustrate prooeduiee for pisctict^ These 

examples should not be construed as limiting. 



P^amplg 1— 

This example describes a p icfmcd embodiment of the subject invention which automatically 

15 synchronizes x-ray beam exposure to a patient's peak hmg inflation (PLI). Figure 17 shows a circoit 

schematic for the intei&oe decironics of the device disconed in Ais example. Referring to Figure 7, this 
device can utiltee a flowmeter^ for example a Novametrix Flo Tkak positioned at the ainvay, and can 
autmnaticalty fire an x-ray machine at PLI. This device can be interposed between a firing handle and a 
radiograph machine, and is transparent to the user except for the flowmeter at the patient's airway. 

20 The use of a flow/pressure sensor ja^he allows the subject device to function with essentially any 

ventilator, for example electronic or pneumatic. A probe associated with the flow and pxessure sensors 
is positioned at the airway and sends signals ooiiespouding to the flow of gas to and ficmn ttic patient as 
wen as the airway pressure, hi oidor to lediice noise in the flow and pressure signals, one or bod& signals 
can be low-pass filtered, for exanple using a software algoritfam. Using pressure as ah exanqile, ttie 

25 filtering algoritbm can take tiie current pressure readsr^ add the two previous pressure readings, snd 

divide the total by 3 to obtain a filtered value. Flow measurements can be filtered tn a similar way, for 
exatxtpleby taldng the avenge of the throe imostmcentsaniqides. The pressure measurement can be made 
relative to a patient's baseUne pressure, where flie hasriinr pressure is the pressure atte pattent^s attway 
when a transition fiom a ni^ative to a positive Qow occurs. Thebaseline pressure can be checked and 

30 recorded on each breath. The baseline pressure can also be referred to as positive end exptntory pressure 

(PEEP). Some patient's lungs ^houM not be aflowed to drop below die patient's baseiukcpressur This 
is due to the tendeocy of these patients' lu2^ to coUapse when their airway in^^ 

The device can use tiio flow and pcessnie vahses, preferably filtered, fiom the flowmeter to 
determhie that PXJ has occuucd and fire the machine. QuaUtatively, the software, for example wriiten in 

35 C, can look for an instantaneous change in gas flow direction firom ^Howards the patient** to **away from 

the patient" (a Mhng zero flow crossing) and/or a peak pressure value, to positively identify PLI, for 
example during positive pressure ventilation (PPV). Each algorithm, zero-flow crossing and peak 
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preut2ie» can individually detect PLI. In a prefrrred enjbodimeAt^ both a zero-jQow crossing nod pcftk 
picssufc can be rM|iincd befoie filing the x-cay machine, dms hnprovtng reliability. 

In oideriD ayndnonise ^ triggering of an x-^y machlf^ 
the point at \^ucfa peak, or near peak, inflation occois and triggcis an x-zay machine to foe when peak. 
5 or near peak, inflation occurs. Piefenbly, the subject x-ray machine tdggering device pcsfb 

in sequence. 

In addWon tn Iriggeting an x-ray wiftfthiwft at peak inflation of Che hmga^ the device can also 
trigger a x-ray machine at olber pottna of a patient's breaHnng cycle, for example at fhll deflation of the 
lungs. 

10 TV?iditimiaHy» ventihiiDrB havca sigh switch. It is also possible to irigger an x-ray machine when 

a ''sigh farcBtb** is delivmd finm a ventilatoT. To xeduce tiie chances of an x-ray image being taken with 
insuHkieiit inflation of Ihe fnlient*s hstigs^ the subject device can be set to only fire Ihe x-tay beam upon 
reaching a minimum hiiiig vohune^ VTtnin, suchdvat a quality image can be obtained. For exanxple, this 
VT min can be a volume largca^ than ncxmal tidal volume but smaller than the volume due to a sigh breath. 

IS Requiring a minimmn hmg volume before allowing an x-^ray image to be taken can prevent x-iay images 

from beii^ tnggemd by, for example, short Ineaths, hiccups* or other events which may satisg^ the other 
peak hmg deteeilan criteria, for example certain aero flow crossings, when, in £act, PLI has not occmiecL 
If a patient ia on Controlled Mechanical Ventilation (CMV)» flie x-ray machine triggering device can 
piedict when tiie next full inflation of a patjyBi|t*s hmgs will cx:Ciir, based on the respiratory cycle time (the 

20 timie between two peak inflations). Reftning to Figure 10, the respiratory cycle time (RCT) for a patient 

on CMV is shown. A specific etnbodiment of the subject invcndcm can use a predictive algorithm to 
detetmlDe when to fire a radiogcapli based on a patient's lespii atDi y cycle time. Hie algorithm can 
H ^ f i w t ue ihe eycle time by mcasarii^ the aiwamtf of time that elapses between two peaks in hmg pressuie 
andtfaenprcdieiing when 4ie next peak will <x:cm by using die last peak as a reference starting point and 

25 adding the i c spiia to ay cycle time. Other points in the breathing cycle can be deteimincd in an analogcws 

fashiiMi. In a specific en^bodiment utilizing a predictive algoridun based on RCT, peak inflation can be 
detected by monitoring the pressuie fai the patienf a airway and looking fbr a tnnsitian from a rising 
pressure trend to a jelling pvessnrB trend. This pressure tread can be deteimhted by reqnhiing a 
certain number, for exanqile five, consecutive ftllit^ pressure readings. However, In order to have five 

30 consecutive foiling pressure readings, five sannple periods must pass soch that the patient is five sait^le 

time periods, At..^ past peak hmg inflation. Accordingly^ once tfite patient's RCT is determined by 
calculating foe time (fifEerence between two cotiseciitive peak hmg TnfifttiftiKt (PU), each PLI detected five 
saiuple time periods after actual IXX, dus RCT minus At^^ can be added to die time of the last detected 
FU to predict foe time of foe next aetual PU sudi diat, for example, an x-ray Image cw 

35 In a spccdfic embodiment, a handheld firing handle can be used to trigger, for exan^le, a Genefal 

Electric (G£ AMX4) portable x-tay machine. A 10 ft standard tekphotie cable (handset to phone unit) 
can connect the firing handle to the inteiface electronics. The firing handle can incoipomte three buttons: 
the collimalCMr, foe rotor np button, and foe firing button. The collimator bnttDO can be used for aiming the 
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x-iayittftcldiie* When Ae cn11nnatortmpoiii» p'^ssed, a cies»hanr of ligjit can be directed from ihe x^iay 
inachine to the pftttem's chest, thereby The toior up button 

and the firmgbunnn can be dedgned to be used together in The rotor up button 

can uritiBtie the charging of one or mtac capacitors in the x^ray loachine. When the c^>acitDr(s) are 
5 charged, the fire button can be pressed to take a radiograph. Acoordinglyy the x-ray machine will not be 

irj|ggered unless th? rotor np button hits been pressed. In a specific embodiment, the rotor up button ctm 
be positioned directily on top of ibo firing button, such that it js not possible to press the firing butfon 
without first pressing ttie rotor up button. 

In a preferred ertfbodiJinent^ the subject device utilizes a flow/^nessure sensor probe positioned 

10 between the fazealfaing circuit and the airway device to infer peak hingitlflation. By measurii^ flow with 

the flowmeter, one can infer peak hing inflation^ &r example, by d eieuiuui ng when flow chaqges direcdon 
fiom a positive flow (tow^uds patient^ inspiration) to a negative flow (away from patient, expiration). This 
change in direction of flow Is often reigned to as a felling zsero-flow crossing. The x-ray machine 
synchronization device can nsonitor falling zero-flow crossings^ which change from positive to negative 

15 flows. Referring to Figure 8, when such a falling zero-flow crossing occurs diving positive pressure 

ventilation^ the lungs of a patient are afanost fully inflated but beginning to deflate. At tiiis point in time, 
die x-ray machine syncfaronization device can instnict an x-rey machine to take a radiogn^ 

The flow/preasnre sensor pr6be» for example the No vametrix FloTrak probe^ can also measure 
pressure. Accordingly, the x-ray machine triggering device can use pressure as a means to deduce peak 

20 hmg inflatiorL lU^ertitig to Figure 9A, during posidve pressure inspiraliori. a 

and during expiration the hmg pressure fkHs. By determining when peak pressure occtffs, die point in lime 
ar which a patient's hmgs ate folly inflated can be deterrnined. Referring to Figure 9B, during apo n t an eous 
in^ixadon the pressure decreases. 

In a specific embodiment, the subject x-ray machine triggering device can use both flow and 

25 pressure, simultaneously, to determine whether a patient is spontaneously breadiing or under positive 

pressure ventilatioii Subsequently, f<Mreidier situation, die sutject device can detect peak lu^^ 
For exairxple, a peak inflation detection algorithm for use with spcmtaneously breadilng patients can be 
yyyfpftMmted which dateimiiiBg peak hmg Tntlatrim has occurred Upon flimultaneous detectton of a falling 

zero flow dosstng and a risiug pressure trend. However, it is possible to have a fhUtng zero flow crossiiig 
30 and a rising pressiiTQ trend widunit having peak lung inflatiott. Accordingly, a third criteria which roust 

also be met, fbr cxan^le a miniznum volume of inspired gases» can be included in the peak lung inflation 
algodchm. In addition, a peak inflation delecd<m algorithm for use with positive pressure ventilation can 
be impleniented whidi determines peak fau^ inflation has occurred upon ainndt a 
fialhng zero flow crosshig and a Ming pcessiuelxeiML However, it ia possible to have a falbiig zero flow 
35 crossing and a falling {HCSsure witiHout having peak hmg inflatioa, fbr example with a small patient brcadi 

or with aiiifacts. Accordtr^ly. a third criteria which must also be met, for example a minimum lung 
pressure, can be included in the peak inflation algorithiiL This criteria can require a minimum hmg 
pressure of, fbr example, 2.0 cm HiOaibove a patient's baseline pressure. Utilizing bafh airway i^essure 
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and the flow of gases into or out of the patie&t's airway, (he subjcet x^ray machine tziggcnog device can 
czeate a inore robust peak inflation detnctioa algorithm Accoidhig]y,u4KQ peak hiog inflation is detected^ 
the XHray xnachine synchionisatioQ device triggera the x-ray machine. 

Refetnng to Figure 11,^ inleffaceelectnniica of the subject device intcr&ce with a PC, anx-niy 

5 xnachine^ and an optional x-ray firing handle* Ahematively^ tfie PC can be replaced by a dedicated 

miciocoalrolkr or IC'a. Wifii inspect to the device of dns examplet the inter&oe electronics interact widi 
these various cQnyonents through three commnnlnatkw ports, imduding a male connector port and 
two female 6-4 (6 position - 4 contact) modular telephone jacks (RJ-ll jacks). The DB-25 connector 
allows the tntei&ce electronics to commnnicate with the PC via a parallel port connection. In pazticulai» 

10 a first 6^ lU-11 jack is used to receive inpot ftoma handheld firing handle and a second 6-4 RJ-1 1 jack 

is used to send ccasmnands to the x-ray machine. 

The x-ray fifing handle cmwircts to a 64 jack on the enclosing box for the intsi&ce electroniGs, 
for exanq>]e vi^ a 10 ft modular telephone cable. Each button on die handheld firing handle produces a 
short circuit between specific contacts on the 6-4 modnlar jack when pressed. For cxamptc^ when the 

15 collimator button is pressed, the Gist two contacts on the 6-4 jack aie shorted. Refisiring to Figure 13, 

which contacts an dosed when each of die buttons an the firing handle arc pressed is shown- When a 
bunon is pressed on dw fixing handle, ail cxchisive set ftfcoDlacts on die 6^ ja^ Hiiscauses 
an input circuit to be closed (refer to F&gnre 14 (or the input circuit), thereby delivering a low signal to a 
conresponding pin on the PC parallel poit A high signal (-f 2,4V to + $,0V) is sent to the same pin on the 

20 PC paraUelpotrt if die button is not beiog pressed. TbecoDinBtDrbotton, the rotor up button, and die fifing 

button on the firing handle coziespond to pins 10, U, and 12 of die PC parallel port, respectively. 

The software can activate certain fimctions on the x-cay machine by sending low signals (OV to 
'H>.8V) from pins 2, 4, or 6 of die PC parallel p«t to die mtexfiKO electronics. The sigfuUs sent from pins 
2, 4, and 6 of the PC parallel port can undergo a series of transfonnations before reaching the x-ray 

25 machine. Figux« 15 illustrates the ou^rmt circuit between the PC and the x-ray machine, where the 

transformation ofa low signal sent firom a pm on the PC parallel port takes place. Referring to Figure 15, 
the low sigiialfiDm die PC is invefted using a 7404 inverter chip. Aliemative^,dus signal can be inverted 
in software. Signal incvexsion is per ihr m c d in order to protect against the occurrence of an indetenninatc 
state fiom the PC, for example if the paiallel cable is accidentally detached from die PC During an 

30 indetenninate state, a high signal is sent to the inverter chip. Thus, the purpose ofthe inverter chip is to 

prevent a high Signal from being sent to^ and triggering, the x-rey machine when the circuit is in an 
indeterroinatB state. 

The high signal ouQmtted firom the inverfer chip is Inputted into an opto-isolator Mp. litis 
provides ekctdca] isolation between die synchronization system, fat acamplc a notebook computer, and 
35 die x-ray machine. The high signal outputtcd from tiie invctter chq> also actuates a NFN transistor v^ch 

closes a circuit containing a 330 ohm resistor and a LED. Tlie high sign2d,ou^7uttedfiDm die iq>tO'isc}latar 
chip* is sent to a NPN transistor which closes a circuit containing a 100 <^un resistor and a single>^ie 
doobio-diiow(SFI>T)electxomochamcalrday. A clanq[dng diode (IC0462) is atiadied between die gRnmd 
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pin 3) anj ilift inpnt pin (pin 1} of tfie elecnoR^chMilcat leiay. Tlus is done to protect circidtxy fiom 
th» high back-EMF which may be caused by ^ electrotnechanical relay (on inductive oo a yon en t). 

The electsoniechaziical relay closes the appropdate contacts on ihe 6-4 modular Jack connecied 
to the x-fay niacliiiie. Thifi activates die ap pro pri ate fimctioii on the x-ray machine. Figure 16 shows 
5 which contacts aie closed a signal is sent ftom the PC paraltel port (pins 2, 4, or 6). 

Wi^ lespect to this specific example, a discnssion of die pseudo-code tot pesik hing ioXlatiaii 
detection* fiiU hiiig dejQalinn delBcllan, and piedictive peak long detection algoritfama is presented below. 
Fifiuie 12 shows a flow chart for the device's pseudo-code. 

The pseodo-code steps for peak bnig inflation detection are outUned below, where the go^ 
10 take a radiograph at peak hmg inflation after detecting a falling zero-flow crossing AND peak pressure. 

1) Declare and initialize variables. 

2) Begin the loop 

3) Obtain Hue current iSow and j^^essute readings from die Novametrix FloTrak sensor and store 
tbese values in variables. Cill the current flow reading ^owT* (representing flow at time t or ilow(t)). 

15 Call the current pressure reading ^nessufisr* (leprescnting pressure at time t or pressure(C)). 

4) Filter the flow signal Enough a low-pass fiher by taking the current flow reading, adding it 
tothepfevioustwoikywieadii^s^anddividiz^tetotalbya^ Store diis filtesed vahie in a variablo 
called •JJow'* (representing the flhered flow at time t). CaU the two previous flow readings yhwT^r 
(ftpiesenting flowat tittw t minus 1 or flow (t-l)) and *yiowTjr' (representmg flow at time t minus 2 or 

20 flow(t-2}). 

If the two provions flow readings (flowT^I and fiowTJ) have not been detennined yet (i.e. the 
detection algonHun has just started) copy the cuxient flow readhtg (/fowl) into tiie variable which stores 
dw fiUcxed flow value (/7ow). 

Filter the pressure signal through a low-pass filter by taking die current pressure readings adding 
25 it to die previous two imssure readings, and dividing the total by three (3). Store dtis Altered vahie in a 

variable called ''pressunT (lepresenting d» fUtered pressure at time t)* CaU the two previous pressure 
readings '^preMsurtT_r (rqMfesenting piessare ai time t minas one orpBe8Sure(t-l)) and ""pressureTj^ 
(representing pfeasnm at tinw t minns two or pre88Qre(f-2)). 

If the two previous pressure readings {pressureT^I and pressureTJ} have not been detennined 
30 yet (Le. the detection algorithm has just started) copy the caxrcnt fwessure reading {pressure!) into the 

variable which stores the filtered pressure vahie (pressure). 

5) After filtered flow and pnessure sigpals have been cslcwlatird, update the variables storing the 
previous pressure and previous flow vahies. F(»r C9ianq;>le: 

flawTJ'^QwTJI 
35 JlowTJ^^wT 

pressureT2^pressureT_J 
premareT^i ^pressure? 
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6) Check whetiier a z^o-flow crossing hai occuzicd. 

- if ttic picYioua filtered flow value (prevfausFhw) i$ greater than +1.0 L/min AND the currenl fihensd 
flow {flow) is less ^uax -1.0 Unan^ then set a flag indicating ttx^ a zero-flow crossing (falling) has 
occuned. The initial value of die previousFlow variable at staff uip n zero. 

5 ^ eUe» if the pdrevioiu flow valne {firewouaFlow) is leas dian -1.0 I^oain AND ttie cunent flow {flow) is 

gieater tfi^ +1.0 L/min, then set a flag indxcatii^^g that a zen^^flow crossiog (risihg) has occurred. 

When a negative to positive change in flow occois^ the baseline pressure of title patient can be 
detennined Copy the CQfient filtered pressure value (pressure) into a variable called ^baselinePressure/* 
Baseline pressore is checked and lecotdcd on every bieaflL 

10 7) Update the vahia of tfio previons flow vari^le (previowflaw). For example^ 

8) Check whether pressure is rising or falling. 

- if tiie pressure ftUs for n, for exanqile five (S)» consecutive readings ^en set a flag indicating that theie 
is a falling pressure trend. In order to ensure tiiat a falling trend is not falsely detected, pressure must iaU 

15 for five consecutive readings. Aldiough it was detennined^ throu^ testing* that only three consecntive 

readings are necessary to leUably detect a falling pressure trend» five consecutive readings are taken as a 
safety measure to ensure that ttie algorithm does not detect a ftise fidling pressure trend. 

- else, if the pcessme rises for five (5) consecutive leadings ihax set a flag indicating that tiwre is arlBins 
pressure tra»L 

20 • otherwise, reset the flags which indicate whether thcae is a rising or foiling pressure trend. 

9) Detennineif^iediertiiepatient^shmgsaicfiilly inflated. 

- check the stanis of flie flag which indicates whether diere is a falling pleasure trend. Also, check the 
status of the flag which indicates whether a zero-flow crossing (falling} has cxxnined. 

- tfazcro*fk>wciomig(fUling) has occurred AND a falling pm 

25 pressure is 2.0 cwOfl above baseline pressure^ then set aflag indicating d»at a Tadiogiaph should be taken. 

Break out of tte loop. 

10) Eadtheloop 

The jpgCTidiMTftdff steps for full lung deflation detection are outlined below, where the goal is to 
take a radiograph on fUll lung deflation after detecting a rising zero-flow crossing AND a rising trend in 
30 pressure. Steps 1 through S of the peak inflation algorithm are also used by the fiiU hmg deflation 

detechonalgoiidnn. The code is shared by boOi algoriduns. 

9) Detsnnine whether the patients lungs are fully deflated. 

■ check the gtaius of the flag which inritotia whether there is a rish^ Abo, check flie status 

of the fl^ which indicates whether a zero-flow crossing (rising) has occuned. 
35 - if a zero-flow crossing (rising) occurs AND there is a rising trend inpressuxe^ then set a flag indicating 

diat a radiograph should be taken. Break out of the loop. 

10) End&eloc9 
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Tliepseudcvcode stq>8 for predictive peak hmg detection are ouOiiied below, wlieie goal is 
to predict wlwn peak lung inflatiain wiU oe^ 
on xeapinuoiy cycle time. 

Steps 1 through & of the peak long tnlUtioii and flill hmg deflation alg<»ilhms are also used by 
5 die piedicdvc peak hmg detection algcuithm. The code is sfaaced by all algodtlwis. 

9) DeteiminewhediBr the pattern's hings axe liiUyinflatBiL 

*«hecktlie8tBtiia of the flag ^liiich indicate whether toe is a fid^ Also, chock die 

status of the flag which indicates whether a zero-flirw crossing (falling) has occuncd. 
-if a 2eio-flow crossing (ftUing) has occtnred AND a falling pcessure tread has occoired AND tike current 
10 pressure ifi 2.0 cmK^O above baseline pressure, dien incram^ 

TiriiB variable is initiaUy let to zero (0) and is incremented each time inll hing inflation is detected. 

10) When full hmg Inflation is first detected (Le. peakFressureCounter=\): 

- save the number of processor dock ticks since the p io giau i started into die variable startCydm. For 
example: 

15 stortCycle=fdockO 

- chckQ is aC function diat returns the processor time elapsed (in clock ticks) since the beginning of the 

program 

invocation. 

- change Che color of the flow and piessure traces on the grai^icai user interface from green to red to 
indicate diat the RCr is being measuted. Also^ diqslay die message ''Estimating Cycle Time*' to indicate 

20 that the RCT is being measured. 

1 1} When the second full hmg mflation is detected {i.e,peatPrwiireCounter^): 

- save die number of processor dock ticks since the program started into the variable stopCycle, For 
example: 

stopCyde =ciockO 

25 -compute tiie respiratory cycle time. Save diis value in a variable called cyeleTime. The variable 

cycteTImestOdres die zimnbcrofptocessorckM^ ticks between d^ For 
example: 

i^teTbne^stDpCycts - startCyeie 

- set the predicted time diat die next fbH lung Inflation should oceur and save this valnc in the variable 
30 prvtiictedTargetTime. The value of the prediciedTargetTime variable is calculated by adding eydeTime 

U^stopCycU. In addition, adjustments can be made to compensate for san^iling tiinca. For example: 

predictedTi^^iefrkne^iwpCycIei)^ 
first and gmmd fii" - ^tfwy^fty d^ay (time to cottect n consecutive faHmft pressure vahies> 

- change (tie color of die flow and pressure traces from red to white to indicate that d^ algcdftun will 
35 trigger the x-ray machine on the next fiill lung inflation* Also display die message 'Tiring on the next 

peak.** 
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12) When thd cuttent ttme (in processor ticdcs) equals tbe value of jpredictedTargetTSme (ie. 
ciockQ pte diaedTargfitT^), set a flag indicating a cadiogiapK should be taken. Break out of (he 
loop. 

13) End the loop 

It sJioiUd be ondenrtood that tbe exainplea and m 
pmposes only and ftiat various modifications or changes in light thereof will be suggested to peisons 
skilled in the art and are to be inchidcd within the spirit and purview of diis qipltcation and the scope of 
the appended claims. 
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1 LA device for impnyvtiig the efiicftey of a medical tnatmcnt Of diagnostic procedure, 

2 coxDprising; 

3 a means for lecctviag a signal, wherein said signal cairies i nf or m ation felatin& to a phyaiological 

* 

4 cycle of a patient; and 

5 " a means far efliDctilng a irfM'rff^ treatment or dia^iostic ptocednie widi respect to said patieiit 

6 baaed CA tbe infbnnation canted by said signal, 

7 wherein said device improvee the efficacy of sakl niedical treatment or diagnostic procedure by 

8 ooordinadQg said medical treatment or diagnostiG proccdnro to die physiological cycle of the patient. 

1 2. The devke^aoooinling ID clannt^wher^ said physiological cycle is th^ 

2 cycle. 

1 3. The device, accoidin^ to claim 2, wherein said device can determine at least one point in the 

2 breathing cycle of the patient based on die information canied by said signal, wheiein said means for 

3 effteting said medical treatment or diagnostic pvocednre with respeci to said patient effecta said medical 

4 treatment or diagnostic pniGedure based on said points) in file btcaifaing cycle. 

1 4. The device, according to clairo 3> wherein said medical treatment or diagno s tic procedore ts 

2 the faking of an image» whexein said means for effecting a medical treatment or diagnostic procedure 

3 caAises said image to between at a desired point iQ die bieathmg cycle of to 

] 5, The device, acccnding to daim4>^he«ein said image ia a chest image. 

1 6. Ibe device, according to claim 5, wherein the desired point in the breadiing cycle is peak 

2 jjisufOation such that said chest image Is ta]pen at or near pesdci 

1 7. The devioe»acconiiag to claim 2, wheiein said signal cariy^ 

2 breadiing cycle of die patient is received ftom a ventilator. 

1 8. ibe device^ according to claim 2, wherein said signal carnesinfomiati^ 

2 flow of gases into or out of the patient's aiiway. 

1 9. Thf drnj*^. Tiw^wilwig tt> ^tuttn O wbertin flftM fligiiftl eatrieg Inftmnarinm wifli reaqacct to the 

2 psessure at Ihe patient's airway. 

1 10. Thf d*^^a anrftrrfmg fn eluim 7 whmm Httid Btgiml eflrrien mformatiDii with respecA to flie 

2 CO2 eancentratiDn at the patient's airway. 
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1 II. The devfee, accaidiDg to claim 2, whexein said signal 

2 and canies infonnBtion wiA req^ect to the degree of exptaaUm of tfac patient's chest, whcretn th« degiee 

3 of e3(|Mnision of the patimrs diest is relatDd to die vohune of gases in die pattent's lungs. 

1 12. The device, acconUnig to claim 2« wherem said signal is Deceived fiom a transthoracic 

2 inmi«fta«ftft pl^faysmognqidi and canies infbnnation with respect to an impedance across two electrodes 

3 placed on either side of the patient's chest, whoreui thje inqiedance is related to die degree of expansion 

4 of the patient*s chest, and isvheieiD die degree of expansion of die potient^s chest is related to die volimie 

5 of gases in the patient> hmgs. 

1 13. The device, according to claim 4, wherehi said device ef^cts the taking of an 

2 sending an output signal lo an ttnaging device selected from the group consisting of: an x-ray machine, 

3 a PET scan machine, a CAT scan machine, and an MRI machine. 

1 14, The device, according to claim 13, 'whereiii said device efifecta the taking of a chest image. 

1 15. The device^ according to claim 7, Avrdx^comiHismg: 

2 a means 

for causing said ventilator to ventilate the patient with a sigh breafli, 

3 wherein a chest unage of die patient is taken at peak hmg inflatioa. 

1 16. The device, accanhng to claim 13, fordier conipvisins: 

2 8 means for elec&ically isotetrog die dcvkse ftom said imagiag device. 

1 17. The device, according to claim 16, wherein said isolating means comprises a first LED and 

2 aseeondlSD, wherein said fbrst WD receives said output signal and sends a light signal to said second 

3 LED, udieiein said second LBD receives said light signal and resends said output signal to said ttnagmg 

4 device. 

1 18. The device, accordmg to claim 1. wherein said nttdicaltivatment or diagnostic treati^ 

2 selected from the following gnmp: 

3 imftginfl ^ j^)»aWirtnm therapy, oxygen delivery, blood pressure measmement, rardiac cm^iut 

4 measurement, extracorporel shock wave lifhotr^y, and pulse oximeter <^ytopledKysmography. 

1 19. The device, according to claim 13, fitrdicr conqmsing: 

2 a means Tor receiving caregiver iiqnit, wherein a caregiver can input a fotor-up command which initiates 

3 the charging of the x-ray machine's capacitor to prepare for filing, and wherein the caregiver can input 
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4 a fire oonnnaiid such that said device wiU send dic/oa9iit8i^^ 

5 teaching ttut desired point in the breathing Cycle. 

1 20. The device^ accdiding to datm 19, wherein said means for receiving caregiver ii^t i» a 

2 firix^liaxMlUe. 

1 21, The devioe»aoeoidii^ to claim 19, whezeia after the CM 

2 device will delay sending die ootimt signal for at kast a predetemuned period of time after selection of 

3 the rotor-up command. 

t 22. The device^ arronting to claim 20, wherein input of die rotor-up and fire commands is 

2 aimultaneous. 

1 23. The device, accoiding to claim 22, whereitt input of the xotor-up and fire commands is 

2 accompUsbed by pressing a single button. 

1 24. Tbe device, acconio^ to c]aBn21,wbeieti> said pmletemnnedpen^ 

2 seconds. 

1 25. The device, according to claim 20, wherein said firing handle further comprises an abort 

2 input means, wherein said abort input meaiiB enables the caregiver to 

1 26. The devioe> acconiing to cUiim21, wfaggemflie caregiver inputs die fire command by pressing 

2 n fire button, and wherein the caregiver must continuously press the fire button until said device sends die 

3 output signal or die sending of the output si^ial will be aborted. 

1 27. The device, according to claim 19, wherein said means fiv receiving caregiver iiqmt is a 

•2 graphical user interface. 

1 28. The device according to claim 7, asdicr con4>rising: 

2 a ventilator model selector switch con^prising settings corresponding to specific vendlaiors such that said 

3 device can intopret the signal indicating due point in the fareadiing cycle of the patient received from a 

4 selected ventilator* 

1 29. The device according to claim 4« fiiitfaer comprising: 

2 a means for a caregiver to inpm the desired point in the breathing cycle. 
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1 30. Th6deiaceaccoidm8toe1aim8,6vite 

2 signal wbercin said second sigiial indicates the pt«$$ure at the patient's airway, wherein said device 

3 coordinates said medical treatment or diagnostic procedure to the paticnfs breathing activKty based on the 

4 flow of gases into or out of the patient's airway and on ^ pressure at the patient*s airway. 

1 31. The device, accofding to ctoim 2, farther comprising a means for deteroiining wfactfacr ttie 

2 patient is spontaneously breathing or under positive pressure ventilatiim^ wherein said means lor 

3 detetmudng whether die patient b spantaneously faxcatfaing or under positive pressure ventilation intnprets 

4 the information relathtg to the patient's breathing activity to make such detcxmination. 

1 32. Thedevice,accordingtodaim31, wherehi said signal carries information with reap^ 

2 die flow of gases into ot out of the patient*s airway and the pressure at tbe patient's airway. 

1 33. The device, according to clnim 32 » wfaeretn said means for determining whether the patient 

2 is $p€xntatieously breathing or under positive pressure ventilation determines that die patient is 

3 spontaneously hieathing when flie flow of gases is into ttie patvent's airway and the pn ss a mc at flio patient's 

4 airway is below a baseline aiiway pressure for foe patient 

1 34. The device, acoordiiig to claim 33« wherein for a patiem detemiined to be spoxxtaneo^ 

2 breathing, peak lung inflation is detected when a falling zero flow etossing and a rising presswe 

3 occurs. 

1 35. The device, according to claim 34, whmin peak hmg inflation detectko also req^ 

2 patient to havo inspired a mfniminn volume of gases. 

1 36. The devicei according to claim 32, wherein said ineans for detenniiiing whetlm 

2 is spontaneously breathing or under positive prossuze vtntilatlo& detemdaes that the patient is imder 

3 positive ptcasure venOation when the flow of gases is into the patient's airway and the pressure at the 

4 patient's airway is above a baaelme airway pressnre for d»e patient 

1 37. The device, according to claim 36. wherein for a patient dctctimncd to be tinder positive 

2 pleasure ventilation* peak lung inflalian is detected when a falli^ 

3 trend occurs. 

1 38. The device^ according to claim 37, wherein peak lung inflation detection also requires that 

2 the pressure at die patieiit*s airway is at least a tninimum amount above a baseline airway pressure for the 

3 patient 
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1 39« Tliedevice»acooidiiigtDclaiml3,w^^ 

2 said device Msds a plurality of cnitpmsisa^ 

3 ,p]ufai||y of im^es is taken dunng die samepaxt of 

4 of dk6 patiaikt's bteattiixis> 

1 40. Tlie device; BCf»xdiiis to claim S»wiierein said de^ 

2 zateis^iptoximatelyzecosudiifaatdkedieatiniBgetsiBk^ 

3 motionless. 

1 41. The device^ according to claUn S, wheiein said means for elTecting a 

2 <^if^g T^^ fHe pme^^m mtegntBs die flaw of gases jflto or out of dic patieafs airway over time to detenoine 

3 a volume of gases in the patieot^s lungs and effects a medical tzvalment or diagnostic procedure wfeen a 

4 desired vbkune of gaaes in the patieiit*s hmgs is reached. 

1 42. The device, acoofdtng to claim 41» wherein said means for effecting a medical or diagnostic 

2 piocedniB will not efifect the medical ii ca tmc n t or diagnostic procednre UDless die volume of gases in the 

3 patient*s hmgs is at least a predetenninBd imtrimum value. 

1 43. The device* acoOfdiog 10 daim U wberein said physiological cycle is the patient's cardiac 

2 cycle. 

1 44. The device, accordiiQ to claim 43, iwhereia said signal is an EKGsf^ 

2 lemoves artifacts produced by the panning of dxe patient's heaitfr^ 

3 procednre. 

1 Thfr dfVtCft. flfr^^rtftPg ^ ^laSm Ad, whfef^ttt fiftid mgdicai Irefttment or diagnostic ptocediue 

2 beCfe^d at die QRS complex of dxeEiCGaignaL 

1 46, The device, according to claim 9, wherein the amount of time which elapses between two 

2 peaks in airway pressure is detennined and the time of a future peak is predicted by addii^ the amount of 

3 time elapsed between the two peaks to the lime of a currem peak. 

1 47. Thr ^ffykff, «WT^yp*"e *^ Mam O, n^K^ln Ae time af a fhtufft peak ia predicted by adding 

2 the aiiM>ant of time dspaed between the two peala, less an ani^^ 

3 there is a peak in airway pressure, to the time of a current peak. 

1 48. A mediod for improving the efBcacy of a medical treatnkem or diagnostic procedure, 

2 comprising die following steps: 
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3 foceiviiig a si goal, wherein said signal caixicf infonnaticm relatm^ to a pbysuilogjcal cycle of a 

4 patient; and 

5 effecting a medical treatment or diagnostic procedure with respect to 9aid patient based on the 

6 infoimationcaciied by said Signal, 

7 wherein said method improves the e£Qcacy of said medical treatment or diagnostic proocdure by 

8 ooonttnating said medical treatment diagnostic ptoceduie to the pliysiologicai cyde of dxe patient. 

X 49. The method, according to claim 48, wherein said physiological cycle is flic patient's 

2 fareathjitg cycle. 

1 50. Hie mcdxKt according to claim 49» wherein die step of effecting said medical treatment or 

2 diagnostic procedure wid> respect lo said patient farther con^xises effecting said medical treatment or 

3 diagnostic procedure based on at least one point in the breattnng cycle. 

1 51» The mcttiod, according to claim SO, wtiensin said ziic^ 

2 is die taking of an image, wiwrein said stq>ofeffecting a inedical treatment or diagnostic p roo edn r e cattacs 

3 an linage to betaken at a desired point in ttiebreathii^^ole of die patient 

1 52. The method^ according to claim Sl» wherein said hnage is a chest image. 

1 53. The method»acco«ding to elaim 52, wfasnin the desired point in the brea 

2 insufOation snch that said chest imt^ is taken at or nesr peak faisofflation of said pattent 

1 54. TKe method^ accoxding to claim 49, wherein said signal carrying mfonnaiticm widi respect 

2 to the breathing cycle of the patient is received from a ventilator. 

1 55. The method, accoiding to clahn 49, wherein said siigDal carries iiifb^ 

2 tiie flow of gaaes into or out of Oie padendf a airway. 

1 56. The method, accozdixig to claim 49» whei«h) said Signal carries inforrrmtion with reject m 

2 die pressure at the patient's airway. 

1 57. The method, according to claim 49, wherein said aiigrialcaixiesi^^ 

2 tbe CO3 concentration at die patient's airway. 

1 58. The nietiuxlt according to claim 49k wherein said signal is received fiom a transtbora^ 

2 and carries information with respect to the degree of escpanstcn of die patient's chest, wherein the degree 

3 of expansion of the patimt's chest is related to the volume of gases in the patient's lungs. 
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1 59. Tlie method, accarding to claim 49, wherein said signal is loceivcd fMa a trans^boracic 

2 impedance plethysmograph sod canries bfbnnation with respect to an impedance across two electrodes 
S placed on either side of the patient's chest, wherein tt&c impedance is related to the degree of exponaicm 

4 of ttw patient's chest, and wlieicinlhc degice of expansion of di6|uitieiit*s chest is related to the volnmc 

5 of gases in the partient's htngs. 

1 60. The method, according to claim 51, wlierein the step of efifecting the taking of an ixnage 

2 con^yiises Oie step of sending an output signal to an Imaging device selected from the gcoop consisting of: 

3 an x-ray tnaGhine, a PET scan machine, a CAT scan roadtinB, and an MRI madiine. 

1 61. Tbe method,accoidiQgtoclaim60» whei« said mefliod effects the taking of a chc^ 

1 62. The method, according to claim 54, fUr^er comprising the following step; 

2 causing said ventilator to veotUate to patient with a sigh breadi, 

3 wherein a chest image of the patient is taken at peak hiqg inflation, 

1 63. The method^ accozding to claim 60p further oonpiisiK^ the folk)^^ 

2 electrically isolating any ^iparatus used for (i) receiving said signal, (ii) eff^ the taking of 

3 an image, or (iii) sending said ou^t 8igiial> £rom said imaging devke. 

1 64. The method, according to claim 63, wherein the step of electrically IsolatiDg said imaging 

2 device utilizes an isolating lueanswhetehi said isolating means coi^^ 

3 whcTcm said first LED receives said output signal and sends a light signal to said second LED, wherein 

4 said second LED receives said light signal and lesends said output signal to said imaging device. 

1 65. The method, according to claim 4g, wherein said medical treatment or djagnostic treatment 

2 is sftlecied from the fbllowing group: 

3 inu^ging, inhalation therapy, oxygen deUvery. blood picssnic nieasurenicat, caidsac ou^t 

4 measurement; extracoiporel shock wave lithotr^y, and pulse oiumetBr optoptetfay smognqiliy . 

1 66. The method, aocordhig in claim 60»totfacrconq;>iising die Bt^ 

2 receiving ii^nt from a caregiver, wherein a caregiver can inpiit a xotor-np command which initiates die 

3 ghnr gtofl of ttwMay macldtte's capacitor to piepan; for firing and wherein the caregiver can input a fixe 

4 command such that said output signal is sent to die x*ray marhtnft upon the patient reaching the desired 

5 point in the breathing cycle. 

1 67. Themediod,accQrdingtDcUim66, wherein said input is inimtted via a 
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1 68. The metlM>d, acconUng to c)Eum 66, wherein afl^ 

2 fiurther comprising the step of: 

3 delaying the scudii^ of ou^ut signal until at leasi a predfetmninftd period of time after input 

4 of tiienitor-ttpooininaBd has lapsed. 

1 69. The method, acoordtng to claun 68, wherein iiyttt of tlic rotor-up and fire commands is 

2 flhmiltaneons. 

1 70. The method, acDording to claim 69» wherein iiqnit of the mtOTHip and fire commands is 

2 Bccon^lishedbypfessingashiglehatton. 

1 71. The method, according CO claim 68> iRdbeiceIn said predet^^ 

2 three seconds. 

1 72. Iheiziethod,accordii% to clainni 67, wfacrdn said Ihhig handle is 

2 interface. 

1 73. The method, accozding to cteim 66, wherein said cmegiver can input an abon coioroand 

2 which aborts the sending of the output signal. 

1 74. The method, according to claim 66, wherem die caxegivei selects ttie firo consmand by 

2 pressing a fixe fautfon^ and wherein the caregiver must continuously press die fm button until said ou^nt 

3 tigPIll i< aWtf tT> ***** ^^riiy gftn^Aifift ftir fh^ ftftfvtitig nf nirtpnt atgnfti will he ahorterL 

1 75. The mediod, according to daim S4« furfher ootcprising the step of: 

2 selectitig a specific ventilator model, cenvsponding to die pBtie»t*a ventilator, cm a ventilator model 

3 selector switch comprising settings conesponding to specific ventilatDt models such that said signal 

4 carrying infonnation relating to Ibe breadnng cycle of die patient received from the ventilator can be 

5 inferpreted. 

1 76. The nxetho4 according to claim 51, further comprising die step of: 

2 selecting the desued point in the fareathing cycle. 

1 77. The method, accoiding to claim 55, fhrther comprising the step of: 

2 xecelving a second dgnal, wherein said second signal indicates the pressure at the pattent^s airway, wherein 

3 said UKdiod coordinates said iiiedical treatment or diagnostic procc^^ 

4 based on die flow of gaaes Into or out of the patiait's airway and on die pressure at the patient's airway. 
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1 7S. The method, accorcliiig to claim 77y further coniprifliDg th^ 

2 detenm&mg whether the patient is spoataneously faxeadmig or imder positive pxessuro vaitilatioD» wherein 

3 said stiep of detomiiiung whether the patient Is spontaDeonsly farBafiting or under positive pfessure 

4 vemilatian utDiiw tfie infbaziatioii retadng to ifae patient's tareathi^g activity to make such detemwnaflon 

1 79, The method, according to claim 78, wherein said step for determining whedier the patient 

2 is spontaneously tveathlng or under positive pressure ventilation dcteiiiiiues tiiat die patient is 

3 spmitaneously hrcathing when di/e Qow of gases is into patient's airway and the pressure at dsepadent*s 

4 airway is below a haselinr airway pressure for the patient 

1 80. The method^ according to claim 79, wherein for a patient detcimined to be ^ontaneously 

2 breathing, peak huig inflation is detected wh^ a fidliqg zen> flow crossii^ and a rising pressure trend 

3 sirmxitaneottSly occurs. 

1 81. The metibody according to claim 80, wherein peak hmg inflation detection also requtees the 

2 patient to hxvc inspired a ixixnirouin vohmie of g^ses. 

1 82. Tlie method, according to claim 78, wherein said step for determining whether the patient 

2 is spontaneously breathing or under positive pressure ventilation detemunea that the patient is under 

3 positive pressure ventilation when the flow of gases is Into fhe patient's airway and the pressure at the 

4 patient's airway is above a baseline airway pressure Ibr the patient 

1 83. The method, according to claim 82, wherein for a patient determined to be under positive 

2 p|ys3H|y ''f^>*''"t T^^V Ivng fPf^*^^ fjgterJgH when m falling ifiMt fIrtW CTMLm^ in\A A fellit^ jtffftflStire 

3 trend simultancottsly occur. 

1 84^ The method, according to claim 83, wherem peak lung inflation detection also requires that 

2 the piesswe at fl&e patient's airwio^ is at least a mminonm amount above abasdine ahrway pressure for the 

3 patient 

1 85. The fl](ediod»aooortiiii^ to claim 66>wherBin said imaging device is an MRIinscU 

2 the step at sending an ouqput signal to said MRI machine effec ts tibe taking of images such that a phirality 

3 of images is taken during die same part of each iodivjklual cycle in consecutive individual cycles of the 

4 padent*s breathing. 
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1 86. Hie nxetiiod, according to claim S5» wheiEni sftid me^od effects the chest image when the 

2 flow rate 19 approximately zoo such duit the chest image ia taken when the hmga of the patieat are 

3 eaaentially mottonlcsa. 

1 87. The method, according to claim 53, wherein the step of effecting a medical tteattnent or 

2 diagnoatic procedure fiirtiier campriaca the atq> o£ 

3 intpgrating the How of gases iiAo cxr out of the paticiit's airway over thne to deienxiine a vohime 

4 of gases in the patient Lungs such thai said medical treatiQcnt or diagnostic proceduzc ia cfSxted when 

5 a deaired vohune of gase$ in tbn patient's lungs is re a ch e d, 

1 88. Thg mettiod, according to claim 87, whewip said medical tieatment or diagnnstic procedure 

2 is ivit effected unless the volutm of gaaes hi ^pailent'shmg^ 

1 89. The meOiod, according to claim 48, wiiercin said physiological cycle is the patient's cardiac 

2 cycle, 

1 90. The method, according to claim 89, wherein said signal is an EKG signal such tiiat said 

2 method removes artifacta pnidnced by the punq»ing of the patient's heart fnnn the medical treatment or 

3 diagnostic procednre. 

1 91. Ihe method, according ID claim 90, wherein said medicatlrealzi^ 

2 is effected at the QRS complex of the EKG. 

1 92. The method, according to claim 89, said method further con^irising tte 

2 receiving a second signal, wherein said second signal carries information relating to a patient*s 

3 breathing cycle, wheieiD said melluxiccioidinates said ined^ 

4 die patient's cardiac and breatfaiDgcycka, 

1 93. The method^ accordiiig to claim 92, wherein a central venous pressure oaeasuieroent is 

2 triggered on the first QRB complex following each of a plurality of peak lung inilati<u detections. 

1 94, The method, according to claim 92, wherein a pwhnnnaiy aiteiy prcaaure tneastntmettt is 

2 triggered cm Hie first QRS complex following each of a pidtalit/ of peak hi^g inflatton detections. 

1 95. A method for improving the efficacy of a medical treatment or diagnostic procedure, 

2 comprising Ac following steps: administenng continuous flow ^neic ventilation to a patient; and effecting 

3 a medical treatnmil or diagnostic procedure wi& respect to said patient 
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1 9tf. Theineihod,acconUz^toclftim9S,«liei^ 

2 i» selected fiom the following group: 

3 MRI imaging and extzacoiporel shock wave Ihfaotr^isy. 

1 97. A device for determining whether a patient ia apuuta i i ccimly fareaihing or under posithfC 

2 pitssure vomilatiQn, contprisiiig: 

3 a means for receiving a first signal^ whepein said first signal carries infotmaiion widi respect to 

4 the flow of gases into or out of a patient's airway; and 

5 a ineans for receiving a secoixdsignalyWherau said sec^ 

6 to the pressure at the paiieDt^B airway; 

7 wherein said device inlerprttis the infofinatiaa with respect to fi^ 

S airwi^ and fbe information with lespect to the pressure of die patient's airway to determine whether the 

9 patient is sponmneonsly breathing or uxider positive pressure vcntilatian. 

1 98. The device> according to claim 97, wherein said device detennines that the patient is 

2 spontancouslybrBaihingvt^iBntheflow of gases is into ti^ 

3 airway is below a baseline airwi^ prassint for the patient, and wherein said device detemunes that die 

4 patient is under positive ventilatian when die flow of gases is hito the patient" s airway and the pressure 

5 at the patient's airway is above the baseline airway presawe for the patient 
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